e have investigated the effect of multisegmental spinal fusion on the long-term functional and radiological outcome in patients with scoliosis. We compared these patients both with those whose spine had not been fused, and with a control group.
The treatment of idiopathic scoliosis follows standardised protocols. The guidelines for operative treatment are well established and follow the principles of the prevention of further progression of the curve and the correction of the deformity.
1,2 Surgical methods have changed from fusion in situ to two-dimensional and finally three-dimensional correction. All procedures include multisegmental fusion. Many patients and their parents are concerned about the long-term effects of an extensive fusion in terms of spinal function, the development of degenerative arthritis and pain. 3 To address these concerns, the long-term results in patients who have scoliosis and have had a fusion must be compared with those who have not, and with a control group. 1 To date, there have been several such long-term studies on extended spinal fusion. [4] [5] [6] [7] [8] [9] [10] [11] [12] They have focused on the effectiveness of fusion in the prevention of progression and correction of the curve and, consequently, baseline parameters, such as the preoperative Cobb angle, have been compared. We have studied the effect of fusion on the longterm outcome in patients with scoliosis, by matching the outcome parameters (i.e., the Cobb angle at follow-up) in fused and unfused spines and in a control group.
Patients and Methods
In December 1998, members of the German 'Skoliose Selbsthilfe e.V.,' a national scoliosis self-help association, were asked to participate in our study of the long-term outcome after the operative and non-operative treatment of scoliosis. The study had been approved by the Ethics Committee of the Medical Faculty and all participants gave informed consent. The study was based on a questionnaire, an individual assessment of chronic back pain using a numerical rating scale, and an evaluation of radiographs. A total of 142 patients with different types of scoliosis and a minimum follow-up of five years returned the questionnaire. Different orthopaedic centres had been involved in their treatment. Matched-pairs analysis included 68 patients with idiopathic scoliosis: 34 pairs of fused (31 women and three men) and unfused (30 women and four men) patients with scoliosis were matched for age (±5 years) and Cobb angle (±5°) at follow-up. The control group consisted of 34 employees of an adjacent school (30 women and four men) with no history of spinal pathology. The age and gender ratios were similar to those of the patients in the study. The control group was matched for age (±5 years) and for gender to unfused patients (Table I ). The non-operative treatment was not classified. The operative treatment included different techniques (Table II) Hence, for all three groups, a maximum score of 100 indicated normal function and satisfaction with overall spinal status. Assessment of pain using a numerical rating scale. All participants were asked to grade the severity of back pain on a numerical rating scale from 0 to 10, with 10 representing severe pain. Radiological assessment. Recent anteroposterior (AP) and lateral radiographs of the spine of the patients with scoliosis were either mailed by the patients or were taken at our institution and evaluated for the Cobb angle, the pattern of the curve (lumbar, thoracolumbar, thoracic), the extent of the spinal fusion and for evidence of degenerative changes. The radiographs were measured by one author (VG) who was unaware of the results of the questionnaire. Degenerative changes were graded by a modified radiological score. 13 We classified each of the following three parameters of spondyloarthritis, reduction of the disc height, and osteophytes at any level of the lumbar spine (caudal to the fusion) as absent (0), low (1), moderate (2) or severe (3). A score from 0 to 9 was therefore obtained with 9 points representing severe degeneration. Statistical analysis. SPSS for Windows (Release 10.0.5) (SPSS, Chicago, Illinois) was used. The primary outcome measure was the spinal score. The groups were compared by a repeated-measures analysis of variance as patients and controls were individually matched. In case of significance, three pairwise comparisons by Student's t-test for dependent samples were planned including Bonferroni correction for multiple comparisons. A two-tailed value of 0.05 or less was considered to be significant. The study had a power of 80% for detecting a difference of 11 or more points in the total spinal score between two groups. To assess the relationship between two variables, Spearman's correlation coefficient (r s ) was calculated. P values for r s were not corrected for multiple testing and therefore significant results should be interpreted cautiously. 14 
Results
Questionnaire. The spinal score obtained from the questionnaire showed no significant difference between the fused and unfused patients (p = 0.309, Table III) . Compared with the control group, both scoliosis groups had a lower spinal score (p < 0.001). Within the subscores, the control group had better results for employment (p < 0.02), activities of daily living (p < 0.01) and physical activity (p < 0.01) compared with both scoliosis groups, and for unfused patients stated that they had at least occasional (once a week) back pain. Its frequency was higher for unfused spines than for fused spines (p < 0.05) or controls (p < 0.01). The mean severity of back pain, assessed by the numerical rating scale, was lower for fused compared with unfused spines (3.5 v 4.2), but slightly higher when compared with the control group (3.5 v 3.0). The difference is significant for unfused spines compared with controls (p < 0.02). Radiological results. The mean Cobb angle of the primary curve at follow-up was 54° (20 to 97). The distribution of the pattern of the curve is presented in Table IV . Evidence of degenerative changes, obtained by the radiological score, showed no difference between fused and unfused spines (2.5 points each). The Cobb angle was related to the radiological score (r s = 0.19, p < 0.001), but neither of these correlated with the mean severity of back pain assessed by the numerical rating scale (r s = -0.004, p = 0.97 and r s = 0.14, p = 0.25, respectively). In patients with spinal fusion, the radiological score was not related to the number of segments fused (r s = 0.12, p = 0.50). The 14 patients with a fusion to L4 or L5 had a radiological score of 2.6 points compared with 2.4 in 20 patients without involvement of L4 or L5. The evidence of degenerative change was related to the patients' age (r s = 0.62, p < 0.001).
Discussion
Irrespective of the well-founded guidelines for the indications for operative treatment, patients and their parents are concerned about the long-term consequences of an extensive spinal fusion. 3 Co-operation with a national self-help association gave us the opportunity to evaluate the longterm status of patients with idiopathic scoliosis independently of different treatment protocols. The disadvantage of the design of our study was that we were not able to obtain the original Cobb angle in all patients. Thus, we were not able to evaluate the effectiveness of types of treatment. It remains unclear whether the effectiveness of the initial treatment influences the effect of spinal fusion on the longterm outcome. Studies of long-term results should include an evaluation of spinal function including physical activity, employment status, activities of daily living, social activity and selfimage as well as information about the frequency and severity of back pain. The questionnaire described by Connolly et al 5 in combination with a numerical rating scale for pain, meets these requirements. Whether the selection of the participants of our study provided a bias error cannot be answered with certainty. The reasons for joining a self-help group may be positive to cope actively with the deformity, or else a search for help with problems due to it. Also, the control group was not selected randomly. These factors must be taken into consideration when interpreting the results. 15 Much of the current understanding about the natural history of idiopathic scoliosis comes from the classic studies of the Iowa group [15] [16] [17] [18] [19] who showed that back pain was only slightly more common in patients with untreated scoliosis than in controls. The difference was not considered to be important. 18 Other studies, including the present one, have shown a higher frequency and severity of back pain in unfused patients compared with controls. The functional status as assessed by different scores was worse in unfused patients with idiopathic scoliosis. 7, 20 However, patients with scoliosis who have not undergone fusion may not represent the true natural history. 15 Connolly et al 5 compared fused patients with controls, and found a lower spinal function score and a higher frequency of back pain in the fused patients. Similar results were reported by Dickson et al. 7 Other studies showed no difference in spinal function or back pain when comparing patients with scoliosis who had had a fusion with controls. For a better understanding of the effect of fusion, a group of patients with scoliosis who had not been fused should have been included in their analyses. 4, 21, 22 Only a few studies have compared patients with scoliosis who had undergone fusion with those who had not. quently, their patients were matched neither for age nor severity of scoliosis at follow-up. Using the same outcome instrument for the evaluation of patients with fused and unfused idiopathic curves and controls, we demonstrated that fusion of a scoliotic spine does not have an adverse effect on the long-term clinical and radiological outcome compared with an unfused spine. Nevertheless, patients with a fusion did not attain the ageand gender-matched spinal function of controls, and they tended to have back pain of more severity and a higher frequency than controls.
It remains unclear whether multisegmental fusion, especially to the lower segments of the lumbar spine, is associated with early spinal degeneration 5 and back pain. 4, 8, 10 Even a negative relationship has been reported. 23 Our study, like others, 6, 12, 21, 24 showed no relationship.
We demonstrated that degenerative changes of the lumbar spine are comparable in both scoliosis groups at longterm follow-up. This was recently confirmed by Danielsson and Nachemson. 24 In addition, these authors showed that both scoliosis groups had more degenerative changes in the disc than age-matched controls. The clinical significance of these radiological findings remains controversial. In our study, degenerative changes were not related to back pain as Weinstein 15 has reported. Other studies have shown a close relationship between degenerative changes and back pain. 5, 8 With the use of modern instrumentation and the accompanying improved correction patients with spinal fusion for scoliosis may have an outcome approaching that of controls, but thus far the results are not encouraging. Studies have shown that the size of the primary curve seems to be unrelated to both spinal function and the severity of back pain at follow-up. 5, 6, 8, 12, 25 Our findings were similar.
We conclude that multisegmental spinal fusion does not have an adverse effect on the long-term functional outcome, or the frequency and severity of back pain in patients with idiopathic scoliosis compared with patients who have not had a fusion. Spinal fusion in patients with idiopathic scoliosis does not increase the risk of degenerative changes in the lumbar spine when these patients are compared with patients who have not had a fusion. Patients with idiopathic scoliosis have poorer long-term spinal function, and a greater frequency and severity of back pain when compared with age-matched controls.
